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(57) Abstract 

According to the invention, time is divided into power correction 
intervals. A target power or a target energy per bit and correction 
step limits are determined for each base station. The parameters are 
signalled to the base stations. Each base station subsequently executes 
a power correction algorithm. Each base station compares the used 
transmission power or energy per bit to said target power or said target 
energy per bit, respectively. The result of the comparison is further 
divided by a predetermined number of power correction steps within 
said power correction interval, the number preferably equals with the 
number of repetitions of downlink power control commands within said 
power correction interval, to provide a power correction step. The power 
correction is then executed in combination with the downlink closed loop 
power control. 
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Method and apparatus for power control in a mobile telecommunication system 

Field of the invention 

The present invention relates to a mobile telecommunication system, 
particularly to a method and system for reducing the average downlink transmitting 
5 power from a base station to a mobile station during a soft handover. 



Background of the Invention 

In a code division multiple access (CDMA) mobile telecommunication 
system a common frequency band is used for communicating with all base stations. 
10 Signals occupying the common frequency band are discriminated at the receiving 
station by a high speed pseudonoise (PN) code. Transmitter stations using different PN 
codes or different PN code phases produce signals that can be separately received at 
the receiving station. 

Figure 1 illustrates the relevant parts of a prior art CDMA mobile 
telecommunication system. Each base station (10, 11) transmits with a PN spreading 
code different from the PN spreading code of other base stations. A mobile station 20 
is engaged in a conversation through the base station 10. The mobile station 20 is 
equipped with a receiver that allows it to measure the signal strength, in addition to the 
base station 10, of a group of other base stations (not shown) including the adjacent 
base station 11. The mobile station 20 reports the measurements to the network 
through the base station 10. As the mobile unit is engaged In a conversation through 
the base station 10 and it moves to a location, where it is able to receive the base 
station 1 1 with an adequate signal strength, a simultaneous communication path with 
the base station 1 1 is established. The decision is made by the radio network controller 
30 controlling both base stations This state is called a soft handover and it is well 
known in the art. The mobile station is further equipped with a well known RAKE 
receiver, which enables the mobile station to simultaneously despread and combine 
the transmissions from base stations 10 and 11. In the exemplary embodiment, for the 
sake of simplicity, the mobile unit performs a soft handover between two base stations, 
but in reality more base stations may be involved. 

Because CDMA base stations utilise a common frequency band for 
transmission, each transmitted signal is interfering with other signals. Therefore, an 
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efficient power control for individual base stations and mobile stations is extremely 
important to attain the maximum capacity. Ideally each mobile should be transmitting at 
minimum power or at minimum energy per bit still sufficient to achieve a required signal 
to interference ratio (SIR) at the receiver of the receiving base station. Similarly each 
5 base station transmission directed to a specific mobile should be transmitted at 
minimum power or at minimum energy per bit still sufficient to achieve a required SIR 
at the receiver of the intended mobile unit. In the soft handover, the transmissions from 
both base stations directed to a specific mobile should be transmitted with a minimum 
power still sufficient to achieve a nominal SIR for the combined signal at the receiver of 
10 the intended mobile unit. If one base station transmits with higher power than the other, 
there exists virtually no diversity gain. To maximally benefit from the diversity gain, it is 
important to ensure that base stations involved in a soft handover transmit with powers 
as equal as possible. Achieving this helps to minimise the overall downlink 
transmission power as well. 

15 In prior art mobile telecommunication systems mobile stations are capable 

of controlling base station transmission power on transmissions directed to them by 
generating power control commands advising the base station to either increase or 
decrease the transmission power by a predetermined step. The power control 
commands are generated responsive to measuring the SIR (or the power) of the 

20 received signal and comparing it to a predetermined threshold. The power control 
commands are subsequently interleaved into the uplink transmission of information. 
The base station receives the transmission, decodes the power control commands and 
adjusts it's transmission power accordingly. This is called downlink closed loop power 
control. The closed loop power control may be executed in either constant or adaptive 

25 adjustment steps. One prior art method of adapting closed loop adjustment steps is 
described in WO 9726716. 

There exists a problem in the downlink closed loop power control during a 
soft handover. Since the same transmission from the mobile station 20 is received at 
both base stations 10 and 11, both base stations will receive the same power control 

30 commands. If the received signal quality at the mobile station 20 is higher than the 
threshold, the mobile station 20 generates and transmits a power control command 
advising base stations to decrease their transmission powers. However, at the base 
stations, the received uplink transmissions may have experienced different 
attenuations and interferences causing errors at the base station 10 but not at the base 

35 station 1 1 . Therefore, a transmission error in a "decrease power" command at the base 
station 10 would lead to the base station 10 increasing it's power whereas the base 

station 1 1 would be decreasing it's power as intended. This problem is called power 



Page: 4 



WO 99/52310 



PCT7FI99/00257 



3 

drifting. If no correcting measures are taken, the difference in the transmission powers 
will last until the completion of the soft handover thus deteriorating the overall system 
performance. 

One prior art solution to this problem is to limit the dynamic range of the 
5 downlink transmission powers. This is not a good alternative, since it results in 
excessive power usage by the base stations thus increasing interference. 

Another known solution is to set the base station transmission powers equal 
at given time intervals. This is rather slow or signalling consuming solution. 

Yet another known solution is to generate different power control commands 
10 for each base station. This consumes air interface resources and is not applicable in all 
air interfaces. 



Summary of the invention 

It is therefore an object of the present invention to improve the downlink 
15 signal to interference ratio by preventing the base stations involved in a soft handover 
from transmitting with substantially unequal transmission powers or energies per bit. 

It is another object of the present invention to determine power correction 
parameters: a power correction interval length, a target power level or a target energy 
per bit level, and correction step size limits; and to signal said parameters to the 
20 network element executing a power correction algorithm. 

It is another object of the present invention to correct the downlink power of 
the base stations involved in a soft handover with a power correction algorithm 
additional to downlink closed loop power control such that in the absence of closed 
loop power control commands the individual powers or energies per bit of separate 
25 base stations all converge to said target powers or said target energies per bit, 
respectively, at a rate determined by the power correction interval length and/or the 
correction step size limits. 

It is further an object of the present invention to adjust the downlink power of 
individual base stations during the soft handover in such corrected steps that the 
30 possibly initially unequal transmission powers converge upon the execution of downlink 
closed loop power control. 



Page: 5 



WO 99/52310 



PCI7FI99/00257 



4 

It is yet another object of the present invention to provide a method to 
recover from the transmission errors in the downlink power control commands during a 
soft handover. 

According to the invention, time is divided into power correction intervals. A 
5 target power or a target energy per bit and correction step limits are determined for 
each base station. The parameters are signalled to the base stations/ Each base 
station subsequently executes a power correction algorithm. Each base station 
compares the used transmission power or energy per bit to said target power or said 
target energy per bit, respectively. The result of the comparison is further divided by a 

10 predetermined number of power correction steps within said power correction interval, 
the number preferably equal with the number of repetitions of downlink power control 
commands within said power correction interval, to provide a power correction step. 
The power correction is then executed in combination with the downlink closed loop 
power control. In the preferred embodiment the closed loop adjustment steps are 

15 employed at the same time with the correction steps, effectively resulting corrected 
closed loop adjustment steps. The corrected closed loop adjustment steps are 
subsequently used to adjust the transmission power according to the downlink power 
control commands from the mobile station within the next power correction interval. If 
the power control command is absent because of a sudden uplink fade, the power 

20 correction step is employed alone. 



Brief description of the figures 

The invention is described more closely with reference to the accompanying 
schematic drawings, in which 

25 Figure 1 shows the relevant parts of a prior art CDMA mobile telecommunication 
system; 

Figure 2 is the flow chart illustrating the method of the present invention. 

Figure 3 illustrates the relevant parts of the preferred embodiment of a CDMA mobile 
telecommunication system according to the present invention; 

30 Figure 4 is the decision flow chart of the Power Control Processing Unit 30; 

Figure 5 is the decision flow chart of the Correction step calculation units 40 and 41 ; 
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Figure 6 illustrates the execution of a downlink closed loop power control during one 
power correction interval with corrected closed loop adjustment steps 
determined according to the preferred embodiment of the present invention. 

5 Detailed description of the invention 

The invention is illustrated in Figure 2. In the initial step 60 the parameters 
used by the power correction algorithm are determined. The parameters comprise at 
least: the length of the power correction interval, the correction step size limits and the 
target power level or the target energy per bit level. In the next step 70, the determined 
10 parameters are signalled to the network element or elements executing the correction 
algorithm. In the last step 80 the power correction algorithm is executed in accordance 
with the signalled parameters. 

The new functional elements according to the preferred embodiment of the 
present invention are illustrated in Figure 3. In addition to the prior art 

15 telecommunication system a centralised Power Control Processing Unit 50 is included. 
The PCPU 50 is capable of communicating control information with base stations 10 
and 1 1 . The PCPU 50 receives mobile station measurements and the used power level 
or used energy per bit level of the downlink signal from the base stations 10 and 11. 
Based on the information, the PCPU calculates a target power level or a target energy 

20 per bit level for the base stations and signals it to the base stations in an initiation 
message together with other required parameters. In the preferred embodiment the 
power correction interval and correction step limits are parameters set by the network 
operator. In the preferred embodiment the power control processing unit resides in a 
network element controlling and connected to the base stations. It can be either a 

25 mobile switch or a radio network controller, depending on the used network 
architecture. The centralised power control processing unit may be implemented as a 
software process in a separate processing unit or in an existing processing unit. In a 
case when the mobile station is in communication with base stations under the control 
of separate PCPUs (not shown), one PCPU is nominated as a master PCPU and 

30 information indicative of the power correction parameters is signalled from the master 
PCPU to the second PCPU. 

Further additional elements are the correction step calculation units 40 and 
41 , preferably located at the base stations 10 and 11, respectively. The CSCUs 40 and 
41 are arranged to receive the initiation message containing the target power level or 
35 the target energy per bit level sent by the PCPU 50 and to calculate the correction step 
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to be used in combination with closed loop adjustment steps when adjusting the base 
station power levels according to the power control commands. The correction step 
calculation units may be implemented as a software process in a separate processing 
unit or in an existing processing unit. 

5 Figure 4 shows the decision flow chart of the PCPU 50. In step 100 the 

PCPU receives and stores the mobile station 20 measurements preferably together 
with used base station transmission power level or used energy per bit level. Based on 
the received information, the PCPU calculates estimates for downlink channel 
attenuation and downlink channel interference in step 110. Once the estimates are 
10 calculated, the PCPU moves into step 120 and calculates the target power or the target 
energy per bit for the individual base stations 10 and 11. Because the methods for 
actual calculations are well known in the art they are not discussed in greater detail. In 
the last step 130 the PCPU sends the initiation message containing the calculated 
target power or target energy per bit to the base stations 10 and 11. 

15 Figure 5 is an exemplary flow chart of the decision process in the correction 

step calculation units 40 and 41 of the preferred embodiment. Similar process is 
executed in both CSCUs, but only the process run in CSCU 40 is described. In the 
initial step 200 CSCU 40 determines that a new power correction interval has 
commenced. The commencement is preferably determined by the reception of the 

20 initiation message containing the target power or the target energy per bit from PCPU 
50. In the preferred embodiment the power correction interval is a parameter set by the 
network operator, but it may be adjusted adaptively by PCPU 50. If it is adjusted 
adaptively by the PCPU, the new value is communicated in the initiation message , 
together with the new target power or the target energy per bit. In the preferred 

25 embodiment an initiation message is transmitted at each power correction interval. 
However, it is possible to refrain from transmitting the initiation message if the 
parameter(s) remain unchanged. In that case the determining of the commencement 
could be done by utilising an internal timer or a counter exceeding a predetermined 
threshold. Once CSCU 40 has determined that a new power correction interval has 

30 commenced, it moves into step 210 for comparing the used base station transmission 
power or the used energy per bit to the target power or the target energy per bit, 
respectively. In the preferred embodiment the result of this comparison is a power ratio 
or an energy per bit ratio, which is most conveniently expressed in dBs. However, the 
result may be expressed in some other way as the power difference. After CSCU 40 

35 has completed the comparison step 21 0 ( it moves into step 220, in which it determines 
the power correction step by dividing the power ratio by a predetermined number of 

power correction steps within one power correction interval. Because in the preferred 
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embodiment the correction steps are effected at the same time with the downlink 
closed loop power control adjustment steps, the number of correction steps within one 
power correction interval equals the number of downlink closed loop power control 
commands within one power correction interval. 

5 After completing step 220, CSCU 40 moves into step 230, where it 

compares the calculated correction step with correction step size limits. The correction 
step size limits are preferably parameters set by the network operator, although those 
may be calculated for each interval by PCPU 50. If those are calculated by the PCPU, 
the new values are communicated in the initiation message together with the new 

10 target power or the target energy per bit and the optionally adjusted power correction 
interval. If the correction step is within the limits, the process moves directly into step 
240. If not, the current value of the correction step is replaced by the value of the 
closest limit in step 235 before moving into step 240. In step 240 CSCU 40 informs the 
power control unit (not shown) of base station 10 of the correction steps. The power 

15 control unit of base station 10 subsequently uses the correction steps in combination 
with closed loop adjustment steps to adjust the base station 10 transmission power 
according to the downlink closed loop power control commands during the next power 
correction interval. Now, after the algorithm is started it either converges to the target 
within power control interval or, if step size limit was applied, at least it performs a 

20 correction of number of correction steps within the interval multiplied with the applied 
limit. The algorithm is started every interval or more often. 

Figure 6 illustrates an example of power control according to the preferred 
embodiment of the present invention during one power correction interval. In the 
preferred embodiment, the power correction interval length is set by the network 

25 operator to be thirty power control command cycles. For the sake of simplicity, a 
constant bit rate is assumed. The initial powers of base stations 10 and 1 1 are 15 dBm 
and 5 dBm, respectively. At the commencement of a new power correction interval, the 
PCPU 30, based on mobile measurements, actual transmission power or energy per 
bit of separate base stations, and possible other data, calculates the target power for 

30 both base stations. Because the bit rate is constant, the target power may be used 
instead of the target energy per bit. The target power, 7 dBm, is transmitted to both 
base stations in initiation messages. Subsequently the CSCUs in both base stations 
start to determine the new correction step. In the base station 10, the correction step is 
(7 dBm - 15 dBm) / 30 = -0,27 dB. Respectively, in base station 1 1 the correction step 

35 is (7 dBm - 5 dBm) / 30 = 0,07 dB. Once the correction step in each base station is 
determined, it is checked against the correction step size limits, -0,5 dB and 0,5 dB. In 

the preferred embodiment, the limits are set by the network operator. As both 
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correction steps are within the limits, no replacements need to be done. Because the 
correction steps are used in combination with the closed loop adjustment steps at the 
same time instants, the effect is the same as by correcting the closed loop adjustment 
steps by the correction steps. The closed loop adjustment steps, -1 dB and 1 dB r are 
5 effectively corrected in CSCU 40 to corrected closed loop adjustment steps of -1,27 dB 
and 0,73 dB, respectively. In CSCU 41 of base station 11 a corresponding correction 
process results in the corrected closed loop adjustment steps of -0,93 dB and 1,07 dB. 
Thus, during the next power correction interval, the base station 10 increases it's power 
by 0,73 dBs at each "increase power" downlink power control command and decreases 

10 it's power by -1,27 at each "decrease power" downlink power control command, 
whereas the increments and the decrements at the base station 11 are 1,07 dB and 
-0,93 dB. Because in the preferred embodiment the correction steps are employed 
independently of closed loop adjustment steps, even at the absence of a closed loop 
power control command in the case of a sudden uplink fade, the correction step would 

15 take place. 

As the power correction interval commences, mobile station 20 receives the 
transmissions with a power of 15 dBm from base station 10 (marked with a circle) and 
5 dBm from base station 1 1 (marked with a square). For the sake of simplicity the 
downlink attenuation and interference are ignored. The received cumulative power at 

20 mobile station 20 is therefore 15,41 dBm (marked with a triangle). Let the downlink 
power control loop SIR threshold at the mobile station be 10 dBm. Thus mobile station 
20 generates and transmits a "decrease power* 1 power control command. This 
command is received at both base stations and subsequently base station 10 
decreases it's power by -1 ,27 dB and base station 1 1 by -0,93 dB. Again, the received 

25 cumulative power at mobile station 20 is higher than the threshold and it generates and 
transmits another "decrease power" command. The same continues for five power 
control commands in a row. Then the received cumulative power has decreased under 
10 dBm, and mobile station 20 generates and transmits an "increase power" 
command. After the sixth power control command the received cumulative power at 

30 mobile station 20 begins to zigzag around the threshold 10 dBm. However, the most 
significant feature in FIG. 5 is that while keeping the received cumulative power at the 
threshold, the powers of individual base stations converge to their target power value, 7 
dBm. At the end of the power correction interval the initial difference of 10 dBs has 
reduced to an insignificant difference of 0.2 dBs. 

35 The previous description of the preferred embodiment is provided to enable 

any person skilled in the art to make or use the present invention. The various 

modifications to this embodiment will be readily apparent to those skilled in the art, and 
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the generic principles defined herein may be applied to other embodiments without the 
use of the inventive faculty. Thus, the present invention is not intended to be limited to 
the embodiments shown herein but is to be accorded the widest scope consistent with 
the principles and novel features disclosed herein. 
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Claims 

1. A method of controlling base station transmission power in a 
telecommunication system comprising mobile stations and base stations wherein a 
mobile station simultaneously receives information signals from multiple base stations, 

5 and wherein the difference in used power or in used energy per bit between each of 
said multiple base stations transmitting to said mobile is reduced by determining power 
correction parameters including at least a power correction interval, correction step size 
limits and a target power level(s) or a target energy level(s) for each of said multiple 
base stations; and executing a power correction algorithm in each of said multiple base 
10 stations. 

2. A method according to claim 1 , characterised in that the system further 
comprises multiple base station controlling elements each connected to base stations 
under their supervision, and said multiple base stations from which said mobile station 
simultaneously receives information signals are under control of different base station 

15 controlling elements, wherein one of said different base station controlling elements is 
assigned as a master and said assigned master base station controlling element 
signals information indicative of at least one of said power correction parameters to 
others of said different base station controlling elements. 

3. A method according to claim 1 f characterised in that information 
20 indicative of said power correction parameters is signalled to said base stations. 

4. A method according to claim 1 , characterised in that said correction step 
limits are maximum increment and maximum decrement. 

5. A method according to claim 4, characterised in that the absolute values 
of said maximum increment and said maximum decrement are equal. 

25 6. A method according to claim 1, characterised in that executing said power 

correction algorithm consists of comparing the used base station transmission power or 
energy per bit to said target power or said target energy per bit, respectively. 

7. A method according to claim 6, characterised in that said comparison 
result is a power ratio or energy per bit ratio. 

30 8. A method according to claim 6, characterised in that said comparison 

results a power difference or energy per bit difference. 
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9. A method according to claim 7, characterised in that said power ratio or 
said energy per bit ratio is further divided by a predetermined number of correction 
steps within said power correction interval to provide said correction step. 

10. A method according to claim 9, characterised in that said predetermined 
5 number of correction steps equals to the number of downlink closed loop power control 

adjustment steps within said power correction interval. 

1 1 . A method according to claim 9 f characterised in that the transmission 
power or the energy per bit of each of said base stations is corrected by said correction 
step at predetermined time instants in combination with said downlink closed loop 

1 0 power control adjustment steps. 

12. A base station system capable of executing a power correction algorithm 
for converging the power or the energy per bit transmitted by said base station to a 
predetermined target value, characterised in that the base station system comprises 
receiving means for receiving information indicative of power correction algorithm 

15 parameters. 

13. A base station system according to claim 12, characterised in that the 
base station system comprises transmitting means for transmitting information 
indicative of the used power level or of the used energy per bit level. 
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